Abstract: We developed a new tool for customized analysis of regional lung function in children using electrical impedance tomography (EIT
Introduction
Obstructive lung diseases, such as cystic fibrosis (CF), are associated with spatially heterogeneous deterioration of regional pulmonary structure and function. These regional changes can not be assessed by conventional pulmonary function testing (PFT). Electrical impedance tomography (EIT) is a novel noninvasive imaging technique that monitors regional lung ventilation and tidal volume distribution [1] . It is able to assess spatial ventilation heterogeneity thanks to its ability to trace rapid regional lung volume changes [2] . In a previous pilot study, we first demonstrated the feasibility of using EIT to assess the airway obstruction in CF patients by comparing with spirometry [3] . Up to now, a longitudinal study of EIT monitoring disease progression and therapy effectiveness in CF patients is still missing. We have therefore initiated a clinical study to fill this gap. Further, evaluation of EIT measurement is not easy for clinical doctors since 1) there is no established guideline for measurement; 2) commercially available software is device specific and rarely extensible for various clinical trials; 3) open source software is comprehensive but not disease specific. Thus, we recently developed an EIT evaluation software customized for this clinical study. In the present study, we examined the feasibility of EIT in monitoring the time-dependent changes in regional lung function using our preliminary data and tested the efficiency of the customized evaluation tool.
Methods
We examined one girl with CF (11 years old, 37 kg, 151 cm) by conventional spirometry (Jaeger pneumotachograph, CareFusion, Höchberg, Germany) according to the standard guidelines [4] . In parallel, EIT measurements were performed (Goe-MF II EIT system, CareFusion, Höchberg, Germany). After four weeks rehabilitation treatment, spirometry and EIT were again performed in the patient with the identical settings. The study was approved by institutional ethics committee. Written informed consent was obtained from the parents of the patient prior to the study. Lung function measures maximum vital capacity (VC Max), ratio between the forced expiratory volume after 1 second and forced vital capacity (FEV 1 /FVC), maximum expiratory flow at 25% of vital capacity (MEF 25 ) were calculated for both global and regional lung areas in the EIT images. Data analysis was performed using the study specific evaluation software programmed with MATLAB 7.2 (The MathWorks Inc., Natick, MA, USA). The physicians can use the software to process the raw measurement data, perform routine analysis and to present the on-site findings to patients. Various disease-specific parameters and indices can be displayed as functional images or histograms in different scales and combinations.
Results
Selected PFT measures and the corresponding global EIT values were summarized in Table 1 . According to the spirometry results, VC and FEV 1 /FVC increased slightly after a four-week stay in the clinic while MEF 25 decreased slightly. Similar trend can be found in global EIT values. FEV 1 /FVC values were calculated for every pixel in the lung regions for EIT data. The calculated values were projected to corresponding pixels and formed the FEV 1 /FVC maps (Fig. 1, left and middle) . The differences between the second and the first measurement were also calculated pixel by pixel. Although FEV 1 /FVC was improved according to the global assessment from spirometry and EIT, regional heterogeneity was observed (Fig. 1, right) .
The study specific evaluation software was tested by two experienced medical doctors. They confirmed that the software reduced the data analysis workload and will become a useful tool for the ongoing study. 
Discussion
In the present study, we analyzed the EIT data from one CF child with our study specific evaluation software. The data were measured with a four-week interval. Even though some global measures indicated an improvement of lung function in the patient, regional information obtained by EIT revealed the disease inhomogeneity.
In this case study, we have selected 3 PFT parameters for comparison. VC Max and FEV 1 /FVC increased slightly and MEF 25 decreased slightly after four-week stay in the clinic (Table 1) . It was not our focus to discuss the treatment or the outcome of the clinic stay, but rather we found that the global values derived from EIT measurements had the same trends as that derived from spirometry. Different from the previous studies, in which EIT and spirometry were compared among different patient groups [2] [3] , we found it feasible to compare EIT and spirometry in the same patient at different time points. This coincides with another study with healthy volunteers [5] . We further demonstrated the need of regional information. Although FEV 1 /FVC values were improved according to the global assessment from spirometry and EIT, regional improvement was inhomogeneous (Fig. 1,  right) . Regional information of lung function may be useful for developing targeted physiotherapy. Data from only one child was analyzed, which limits the significance of the findings. Nevertheless, we have shown that the protocol was feasible and the evaluation software was efficient. A clinical study with similar settings will be rewarding. We conclude that EIT is able to deliver both global and regional information to assess the airway obstruction in CF patients and their time-dependent changes.
